High performance nature of biodegradable polymeric nanocomposites for oil-well drilling fluids  by Madkour, Tarek M. et al.
Egyptian Journal of Petroleum (2016) 25, 281–291HO ST E D  BY
Egyptian Petroleum Research Institute
Egyptian Journal of Petroleum
www.elsevier.com/locate/egyjp
www.sciencedirect.comFULL LENGTH ARTICLEHigh performance nature of biodegradable
polymeric nanocomposites for oil-well drilling fluids* Corresponding author.
E-mail address: monamdardir@yahoo.com (M.M. Dardir).
Peer review under responsibility of Egyptian Petroleum Research
Institute.
http://dx.doi.org/10.1016/j.ejpe.2015.09.004
1110-0621  2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Tarek M. Madkour a, Samar Fadl a, M.M. Dardir b,*, Mohamed A. Mekewi caDepartment of Chemistry, The American University in Cairo, New Cairo 11835, Egypt
bDrilling Fluids Laboratory – Production Department, The Egyptian Petroleum Research Institute, EPRI, Egypt
cDepartment of Chemistry, Faculty of Science, Ain-Shams University, Cairo, EgyptReceived 21 May 2015; revised 30 August 2015; accepted 2 September 2015
Available online 22 December 2015KEYWORDS
Polymeric nanocomposites;
Poly(lactic acid) (PLA);
Drilling fluidsAbstract Multi-walled carbon nanotube (MWCNT) and graphene nanoplatelet reinforced ther-
moplastic poly(lactic acid) (PLA) biodegradable nanocomposites were designed and prepared using
solution casting techniques. The prepared biodegradable polymers are expected to provide an envi-
ronmentally friendly alternative to petroleum-based polymers. Both nanocomposite systems exhib-
ited better thermal stability and improved mechanical performance over the unreinforced polymer
exhibiting excellent strength and degradability. The addition of graphene nanofiller in varied
amounts was aimed to enhance the thermal and mechanical properties of the nanocomposites even
further and incorporate the outstanding characteristics of graphene nanoplatelets into the
nanocomposites. The polymeric nanocomposites showed also superior advantages for oil drilling
relevances, automotive lubricating purposes, membrane technology and food packaging. Scanning
electron microscopy images indicated a homogeneous dispersion of the nanofiller within the poly-
meric matrix at low filler loadings and a cluster formation at higher loadings that could be respon-
sible for the polymeric matrix movement restrictions. The enthalpy of mixing (the polymer and the
nanofiller) measured could explain the cause of the repulsive interactions between the nanoparticles
and the polymeric chains, which created an additional excluded volume that the polymeric segments
were restricted to occupy, thus forcing the conformational characteristics of the polymeric chains to
deviate away from those of the bulk chains. The prepared polymeric nano composites (poly lactic
acid carbon nano tube and poly lactic acid graphene nanoplatelets) were utilized in the formulation
of oil-base mud as a viscosifier. The rheological, filtration properties and electrical stability of the oil
based mud formulation with the new polymeric nanocomposite were studied and the result com-
pared to the oil-based mud formulation with commercial viscosifier.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
The majority of plastic materials used nowadays are based on
fossil raw materials. Packaging materials are produced in huge
282 T.M. Madkour et al.amounts yearly and they are discarded after the product has
been used, which contributes to growing landfills and enhanced
greenhouse effects [1]. Due to the limited fossil fuel resources
and the impact of petroleum-based materials on the environ-
ment, there is a huge undertaking by scientists and engineers
to replace those materials by biological alternatives, which indi-
cates the ongoing trend of a sustainable development in the
near future [2]. The use of bio-nanocomposites for oil drilling,
automotive lubricating purposes, membrane technology and
food packaging has the potential to provide an environmentally
friendly solution since it helps in the management of the world’s
waste problem and reduces the requirement for using
petroleum-based plastics as packaging materials [3]. Most of
the traditional petroleum-based packaging materials are made
from non-degradable materials, which also increase environ-
mental pollution in addition to consuming fossil fuels for their
production. However, alternative biodegradable films are cur-
rently exhibiting poor barrier and mechanical properties, which
need to be improved considerably before they are considered as
a sound replacement for traditional plastics [4]. However, there
are major concerns regarding the mechanical, thermal and bar-
rier properties of the natural biopolymer-based packaging
materials [5]. One way to improve the quality of these
biodegradable and biorenewable polymers is to use nanocom-
posites based on these natural polymers that exhibit improved
mechanical, thermal and gas barrier properties [6–8]. In an
attempt to overcome these limitations, nanoclays have been
used as supportive filling agents in a biopolyester matrix where
they formed nanocomposite structures [9–11]. Cabedo et al. [9]
showed that the addition of nanoclay such as kaolinite nanofil-
lers to PLA films improved both their thermal stability and
mechanical properties without decreasing barrier properties.
The most important properties of materials are mechanical
properties, thermal properties and gas barrier properties.
Biodegradable polymers can be recovered through composting
and returned to nature [12].
In recent years, composting is considered as the preferred
method of treatment of organic solid waste, and this is where
the biodegradable/compostable bioplastics are supposed to
end up. Hence, compostable polymers especially derived from
renewable resources are being promoted and known as envi-
ronmentally beneficial materials for various industries [12]. It
is challenging to be able to replace the conventional materials
with bio-based ones. Another challenge is biodegradability
which has to perform efficiently on disposal. Degradability
can on one hand constrain biopolymer applications to short-
term use, and on the other hand facilitate composting. There
are several factors, such as water activity, microorganisms,
temperature, composition of biomaterial, etc., which affect
biodegradation as well as deterioration rate and must be con-
sidered in the various applications.
Biopolyesters have promising properties such as excellent
transparency and cellophane-like mechanical properties.
Blown films in commercial use are developed based on
biodegradable polyesters, which do not contain six-carbon
rings known as aliphatic polyesters such as poly(caprolactone)
(PCL), poly(glycolic acid) (PGA) and poly(butylene succinate)
(PBS). However, regarding the other requirements of a barrier
film, it is believed that no single bio-based polymer can be both
water vapor and gas barrier. Therefore, in this case, the use of
co-extrusion can lead to laminates which meet the require-
ments [13]. Another class of products is thermoformedpolymers. In order to thermoform a polymer, there should
be a possibility to process the material from the melt (extru-
sion) into sheets and to thermoform the sheets just above the
softening temperature of the material. Possible examples are
biopolymers based on PLA and PHB/V (Poly Hydroxy Buty-
rate/Valerate), paragon laminates and also other thermoplasti-
cally processable biopolymers. Gas barriers of packaging
materials become essential when the gas composition inside
the package has to be kept constant [14–19]. The gas combina-
tion of packaging products is mostly CO2, O2 and N2. There
are also products that require specific atmospheric conditions
during storage; therefore, they are packed in protective atmo-
sphere with specific mixture of gases. Hence, the permeability
of oxygen and other gases, which are closely interrelated, must
be engineered and are desired to be low [19]. A material with
lower oxygen permeability (OP) than 10 cm3.lm/m2.day.kPa
is considered to be a good oxygen barrier [15]. Many polysac-
charides (natural polymeric carbohydrates) are known to be
good oxygen barriers, explained by their hydrogen-bonded
network which leads to small free volume that makes the oxy-
gen transmission low [16]. In fact, biopolymers are able to
mimic the oxygen permeability of a wide range of the conven-
tional petroleum-based materials [17,18]. Humidity is another
important parameter interfering in gas barrier properties. With
increasing humidity gas permeability increases for both bio-
based polymers and conventional ones, even high gas barrier
materials such as nylon and ethylvinyl alcohol have a lower
barrier performance in humid conditions. In order to manufac-
ture appropriate materials for various applications, it is unli-
kely that just one polymer can have all properties. Therefore,
employing multiple materials in a composite or use of
nanocomposites might be necessary, which can fulfill high
demands such as very low gas permeability, high water resis-
tance, etc. A similar multi-layer approach can also be used
for bio-based polymers.
Drilling fluids or drilling muds are an essential and a key
component of the rotary drilling process used to drill for oil
and gas on land and in offshore environment. The most impor-
tant functions of drilling fluids are to transport cutting to the
surface, to balance subsurface, cool, lubricate and support part
of the weight drill bit and drill pipe [20–25]. Although the high
toxicity of oil-based mud it is used when drilling deep wells due
to its high performance and high thermal stability than water
based-mud and also it is less expensive than synthetic based
mud. Oil-based muds (OBM) don’t hydrate the shell and main-
tain hole stability wells drilled with OBM which normally pro-
duce lower waste values than those drilled with water-based
muds (WBM) because a nearly gauge hole is drilled and the
mud is conditioned. Oil-based muds which are formulated with
crude oil or diesel oil are excellent for inhibiting water – sensi-
tive shell and clays extended reach – wells, highly density for-
mation and drilling through salt [26–28].
Most oils lack many qualities necessary in drilling opera-
tions, for example, most crude petroleum oils of low density
are inflammable, leading last the permeable formations and
lack the required viscosity and gel strength property. Numer-
ous means usually involve adding materials such as blown
asphalt or other finely divided solids to the oil to increase
the density, viscosity and gel strength and to give the fluid plas-
tering properties to decrease loss of the fluid to permeable for-
mation. Most of these materials are viscosifiers agent.
The term oil-base drilling fluids has been as a system, the
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may contain some water in the form of small homogenous in
size and uniformly dispersed droplets commonly called the
internal or discontinuous phase. Oil-base drilling fluids consist
of a suitable oil, asphalt, water, calcium chloride, suspended
solid (viscosifier) and emulsifiers [29,30]. Nano materials are
considered to be the most promising matter of choice for dril-
ling fluids designed for oil and gas field application. They can
promote the development of drilling fluid technology effec-
tively, so they have potential and bright prospect in oil and
gas exploration and development. They have been widely used
in the field of design and development of new drilling fluids.
Some nano materials such as nano composite filtration –
reducing agent, nano composite viscosifier, nano sized emul-
sion lubricant, and nano meter organo clay [31] The prepared
polymeric nano composites (poly lactic acid carbon nano tube
and poly lactic acid graphene nanoplatelets) showed good
results when utilized in the formulation of oil-based mud as
a viscosifier.
2. Methodology
2.1. Solution casting of the bionanocomposites
Various bionanocomposites based on polylactic acid (PLA)
and non-functionalized and functionalized multi-walled car-
bon nanotubes (NWNT) and graphene nanoplatelets (GNP)
were prepared by solution casting. In all combinations, the for-
mulation contained 0.5% by mass nanofiller. The solution
casting of the bionanocomposite films was done by dissolving
20 grams of the biopolyesters supplied locally in 600 ml
tetrahydrofuran supplied from Sigma–Aldrich followed by
the addition of the nanofillers supplied from CheapTubes
and were mixed for 24 h with continuous stirring. After com-
plete mixing, the solvent was allowed to evaporate and the
resultant nanocomposites were ready for testing.2.2. Scanning electron microscopy (SEM)
SEM (SUPRA 55 LEO SEM, a high resolution FEGSEM)
was used for the analysis of the materials to examine the distri-
bution of the nanoparticles within the polymeric matrix and
for mapping the crystal orientation, if any, of the materials.2.3. Stress relaxation measurements
The stress–strain isotherms of the various PU samples at room
temperature were obtained on dumbbell-shaped specimens cut
from the molded nanocomposite sheets to evaluate the
mechanical response of the nanocomposites and the influence
of the inclusion of the nanoparticles on the mechanical behav-
ior of the samples according to:
½f ¼ f=½Aða a2Þ ð1Þ
where [f*] is the modulus, A is the cross-sectional area and a is
the elongation.2.4. Mud formulation
The materials and chemical additives of oil-based mud were
obtained from the Baroid company to be used as a reference
sample.
The mud formulation was prepared according to API,
OCMA specification [32,33].
Work for oil-based mud with an oil–water ratio (70/30).
The formulation was performed by using a new polymeric
nano composite carbon nano tube (C) and polymeric nano
composite graphene nanoplatelets (G) as viscosifiers compared
to the commercial viscosifier (R) from the Baroid company.
The formulation of the oil-based mud consists of:
Diesel oil 375 ml + primary emulsifier (10 ml) + tab water
(125 ml) + viscosifier (1.99%) 8.5 g + organic surfactant
(1.59%) 6.8 g + soda (1.59) 6.8 g + supplementary emulsifier
(5 ml).
So we have three mud batches:
MR: mud formulation of oil- based with the commercial
viscosifier (R).
MC: mud formulation of oil- based and treated with poly-
meric nano composite (C).
MG: mud formulation of oil-based and treated with the
polymeric nano composite (G).
Rheological properties, High pressure High temperature fil-
ter loss test, electrical stability, were carried out to each of the
three formulated mud batches and the effect of temperature on
the rheological properties.
3. Rheological properties
Apparent viscosity (AV), plastic viscosity (PV), and yield point
(YP) were determined by making a relation between shear rate
and shear stress, where the shear rate was taken from the dial
reading which is in degree of a circle.
Shear rate, sec-1 = rpm  1.7034.
Apparent viscosity (AV), cp = reading at 600 rpm/2.
Plastic viscosity (PV) cp = reading at 600 rpm  reading at
300 rpm.
Yield point (YP) lb/100 ft2 = reading at 300 rpm  plastic
viscosity.
Viscosity of the mud is a function of temperature more than
pressure. Commonly, it is necessary to measure viscosity at ele-
vated bottom hole temperature. This is done by using the vis-
cometer cupheater, Chandler Engineering Laboratory Model
API viscometer (Chan 35 Model 3500), which is a
thermostatic-controlled unit for heating the mud sample
directly on a viscometer.
3.1. Determination of gel strength and thixotropy of a mud
The gel strength of the mud is a measure of a minimum shear-
ing stress necessary to produce slip-wise movement of fluid.
Two readings are generally taken, immediately after agitation
of the mud in the cup (10 s) and after the mud in the cup has
been rested for 10 min.
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The test was carried out by using standard HP-HT filter loss
Model 107ıC. The experiment was run at 300ıF and 500 psi
and the volume of filtrate reading recorded from the graduated
cylinder at the end of 2, 5, 10, 15, and 30 min.
4. Electric stability
A fan apparatus Model 23D was used to indicate the electrical
stability of the mud.
5. Results and discussion
5.1. Characterization of the nanocomposite samples
All the nanocomposite samples have already been character-
ized using fourier transform infrared (FTIR), differentialFigure 1 SEM micrograph of non-functionalized CNT-filled
PLA nanocomposite.
Figure 2 SEM micrograph of functionalized CNT-filled PLA
nanocomposite.
F
nscanning calorimetry (DSC) and thermal gravimetric analysis
(TGA) techniques as descried in previous work (33), it is worth
mentioning that for all samples, the addition of the nanofillers
didn’t influence the thermal behavior of the polymeric matrix
in which the filler particles were incorporated as studied using
TGA and DSG techniques, additionally, the FTIR profile,
didn’t show any changes as a result of the addition of the
nanoparticles to polymeric material.
It was thus concluded that the addition of the nanofiller
particles didn’t lead to any chemical or morphological changes
of the polymeric chains.
5.2. Scanning electron microscopy (SEM)
SEM micrographs of 0.5% by mass of non-functionalized and
functionalized CNT and GNP-reinforced PLA nanocompos-
ites are shown in Figs. 1–4, respectively. It is observed that
the nanofillers are well-dispersed in a good order within theFigure 3 SEM micrograph of non-functionalized GNP-filled
PLA nanocomposite.
igure 4 SEM micrograph of functionalized GNP-filled PLA
anocomposite.
Figure 5 Stress–Strain isotherm for the non-reinforced poly(lactic acid).
Figure 6 Stress–Strain isotherm for the non-functionalized CNT-reinforced poly(lactic acid).
Figure 7 Stress–Strain isotherm for the functionalized CNT-reinforced poly(lactic acid).
High performance nature of biodegradable polymeric nanocomposites 285polymeric matrix. From the SEM images shown in Fig. 2, one
can clearly observe that most of the functionalized CNT nano-
filler embedded within the polymeric matrix have a bending
behavior with different bending angles. This is quite interesting
since this behavior is not observed for the non-functionalizedones shown in Fig. 1, which appeared straight in the SEM
image.
This could be attributed to the formation of hydrogen
bonding between the hydroxyl groups of the carboxylic
functional group on the surface of the CNT particles and the
Figure 8 Stress–Strain isotherm for the non-functionalized GNP-reinforced poly(lactic acid).
Figure 9 Stress–Strain isotherm for the functionalized GNP-reinforced poly(lactic acid).
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Figure 10 Rheological properties, gel strength and thixotropy of the oil-based mud formulated by the new viscosifiers.
286 T.M. Madkour et al.carbonyl oxygen of the ester group of PLA. This not only has
the potential of locking the nanoparticle in place within the
polymer matrix but also applying enough stress on the nanofil-
ler particles causing the particle to yield and resulting in the
observed bending behavior.
Same conclusion may also be drawn when comparing
the functionalized graphene nanoplatelets to the non-
functionalized one but to a much lesser extent due to themassive surface area of the nanoplatelets as compared to the
nanotubes.5.3. Stress relaxation and hardness measurements
The representation of the stress–strain data was based on the
Mooney-Rivlin equation:
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where 2C1 and 2C2 are constants. Typical isotherms of this
type are shown in Figs. 5–9 for the non-reinforced polymer,
the non-functionalized and functionalized CNT and GNP-
reinforced PLA nanocomposites, respectively. Every isotherm
in the figure represents the stress–strain behavior of each one
of the investigated samples. The results shown in Figs. 5–9
clearly demonstrate the apparent enhancement in the mechan-
ical performance of the nanofilled PLA nanocomposites over
those of the neat polymer. Interestingly, samples incorporating
non-functionalized nanofillers showed at least four fold incre-
ment in the modulus values as compared to that of the neat
polymer while showing a decrease in the elongation values pos-
sibly due to the apparent stiffening of the polymeric chains.
For the functionalized nanofilled samples, the increase in the
modulus values was only two fold, which still is a remarkable0
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Figure 11 Rheological properties–temperature relationship of
MC, MG compared to MR.improvement in the mechanical strength of the samples. Two
interesting observations were made in the functionalized
GNP-reinforced PLA sample. Firstly, while the modulus has
doubled in value due to the incorporation of the graphene
nanoplatelets indicating a greater strength of the polymeric
chains, the elongation has remained the same as compared
to the neat polymer. This indicates that the observed increase
in the polymer strength has not affected its elasticity or flexibil-
ity. Secondly, according to Eq. (2), the modulus of the samples
should decrease with an increase in the elongation. This did
occur until high strains were reached. Instead of continuing
to decrease, an upturn in the modulus values was obtained.
This ‘‘non-Gaussian” behavior of the sample would conse-
quently explain the observed toughness at high elongations
and unusual high energy levels are required to reach the max-
imum stress. The observed mechanical performance of the
nanocomposites depends not only on the functionalization of
the nanotubes, but also on the presence of the nanoscale CNTs
impeded within the polymeric matrix. These observations can
be explained by considering the confinement of the polymeric
chains between the large numbers of the nanofiller particles
scattered around, which restricts the movement of the poly-
meric chains greatly and thus diminishing the number of con-
figurational states accessible to the chains and resulting in a
significant decrease in the entropy of the chains and a corre-
sponding increase in the elastic moduli.0
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Evaluation of the polymeric carbon nano composite (C) and
polymeric graphene nanoplates (G) as a viscosifier in oil based
mud compared to the commercial viscosifier (R). The oil-based
mud formulation contains oil/water (70/30) and 1.99%
imported viscosifier for utilization in oil-well drilling fluids.
This formulation was considered as the control sample (refer-
ence) for the evaluation measurements of the new viscosifier.
In this research the evaluation incorporates the following:1
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Table 1 Thixotropy–temperature relationship.
Temperature F MR MC MG
60 1 2 3
80 2 2 3
100 2 2 3
120 2 2 2
140 2 2 2
160 2 2 2
180 2 2 2
200 2 2 26.1. Rheological properties
The rheological properties of oil-based mud, treated with the
prepared nano composite (C) and (G) were measured com-
pared to the field oil-based mud formulated by the commercial
viscosifier (R) as a reference sample. Rheological results are
illustrated in Fig. 10 and showed that: apparent viscosity of
the oil based mud formulated by the prepared nano composite
was 70 cp and 66 cp for both MC and MG which are more
than the apparent viscosity of MR (33 cp).
Plastic viscosity: the plastic viscosity was 58 and 50 cp for
both MC and MG where for MR was 26 cp.
Yield point: the yield point was 24 and 32 (1b/100 ft2) for
both MC and MG where for MR was 20 (1b/100 ft2). From
the above result we conclude that the rheological properties
of the oil-based mud formulated with the prepared polymeric
nanocomposite were compatible with the API specification
and have great value than the oil-based mud formulated with
the commercial viscosifier.
Gel strength: The gel strength and thixotropy of the oil-
based muds formulated with the new prepared polymeric nano
composite C and G are plotted in Fig. 10 compared to the ref-
erence viscosifier in oil-filled mud; their values change from 14, rate, sec-1
 rate, sec-1
rate, sec-1
60 120 180oF oF oFMO at 
60 120 180             oF        o F  oFMG at 
100 1000 10000
100 1000 10000
100 1000 10000
60 120 180 oF   oF   oFMC at 
Mo, MG and MC at 60 F, 120 F and 180 F.
High performance nature of biodegradable polymeric nanocomposites 28915 (1b/100 ft2) after 10 s where for the reference mud was 11
(1b/100 ft2).
The gel strength after 10 min varies from 16, 18 (1b/100 ft2)
for the new viscosifier and was 12 (1b/100 ft2) for the mud
reference.
Thixotropy: Thixotropy of the new viscosifiers was 2 and 3
(1b/100 ft2) where for MR was 1 (1b/100 ft2). The results of
gel strength and thixotropy of the new prepared viscosifiers
were within the acceptable range compared to the MR.
6.2. Effect of temperature on rheological properties
Rheological properties varied with temperature for both oil-
based mud formulated with polymeric nano composite C, G
and reference mud sample R. Fig. 11 shows the decrease of
rheological properties as temperature increased from 60 F to
200 F.
For (M.R) mud: AV decreased from 33 cp to 13 cp.
PV decreased from 26 cp to 11 cp.
Yp decreased from 20 (1b/100 ft2) to 5 (1b/100 ft2).
For (M.C) mud: AV decreased from 70 cp to 20 cp.0
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Figure 14 Effective viscosity of Mo, MGPV decreased from 58 cp to 17 cp.
Yp decreased from 24 (1b/100 ft2) to 6 (1b/100 ft2).
For (M.G) mud: AV decreased from 66 cp to 28 cp.
PV decreased from 50 cp to 23 cp.
Yp decreased from 32 (1b/100 ft2) to 12 (1b/100 ft2).
6.3. Effect of temperature on Gel strength
Fig. 12 illustrates the gel strength of oil-based mud formulated
with polymeric nano composite C, G and reference mud sam-
ple R.
For (M.R) mud: G10 s decreased from 11 (1b/100 ft2) to 4
(1b/100 ft2).
G 10 min deceased from 12 (1b/100 ft2) to 6 (1b/100 ft2).
For (M.C) mud: G10 s decreased from 14 (1b/100 ft2) to 5
(1b/100 ft2).
G 10 min deceased from 16 (1b/100 ft2) to 7 (1b/100 ft2).
For (M.G) mud: G10 s decreased from 15 (1b/100 ft2) to 2
(1b/100 ft2).
G 10 min deceased from 18 (1b/100 ft2) to 4 (1b/100 ft2).60 120 180oFoF oFMO at 
60 120 180     o F   oF oFMG at 
00 1000 10000
00 1000 10000
00 1000 10000
ate, sec-1
ate, sec-1
ate, sec-1
60 120 180     oF         oF      o FMC 
and MC at 60 F, 120 F and 180 F.
Table 3 Electrical stability (mv) of the formulated mud.
Mud Electrical stability
MR 750
MC 750
MG 750
Table 4 The flow behavior index (n) and consistency index
(K).
Mud
type
Dial
reading at
600 rpm
Dial
reading at
300 rpm
Flow behavior
index (n)
dimensionless
Consistency
index (K)
lb sn/ft2
Mo 66 46 0.521 1.793
Mc 140 32 0.771 1.669
Mg 132 32 0.686 1.136
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Table 1 shows the thixotropy of oil-based mud with the new
viscosifier C and G compared to reference oil-based mud
MR as the temperature increased from 60 F to 200 F. Data
show that the thixotropy was not affected by the increase
in temperature for all the mud formulations MC, MG and
MR.
And this indicates the stability of the mud even at high
temperature.
7. Shear rate-shear stress relationship
Shear rate-shear stress relationship at different temperatures
60 F, 120 F, 180 F was studied and illustrated in Fig. 13.
The value of shear stress decreased as shear rate decreased
for the oil-based mud treated with carbon-nano composite
Mc and graphene nanoplates MG and compared to the refer-
ence conventional-based mud Mo at the same temperature.
At 60 F: The value of shear stress decreases from 149 to
5.3 as shear rate decreases from 1020 s1 to 5.1 s1.
At 120 F: The value of shear stress decreases from 96 to
7.4 as shear rate decreases from 1020 s1 to 5.1 s1.
At 180 F: The value of shear stress decreases from (to)
from Mc and from (64 to 5.3) for Mg as shear rate decreases
from 1020 s1 to 5.1 s1. These results are similar to the result
obtained in case of the field mud Mo with the conventional
viscosifier.
7.1. Effective viscosity
A log–log graph paper for plotting viscosity for the mud versus
the shear rate is represented graphically in Fig. 14, vertical
lines show the rpm equivalents of shear rates in sec, drilling
fluids are usual pseudo–plastic, i.e shear thinning fluids.
Test results illustrated that effective viscosity of the mud
Mc and Mg decreases with increasing shear rate. This result
is similar to field Mo mud formulated with conventional
viscosifier.
7.2. Filtration properties
Table 2 reveals that the high pressure – high temperature filter
loss at 250 F for the oil-based mud formulated with the new
prepared polymeric nano composite C and G and the reference
oil-based mud MR. From the filtration result we can conclude
that filter loss of MG (7 ml) is less than that of MC (8 ml) and
MR (9 ml), so the polymeric graphene nanoplatelets (G) have
great effect in reducing the filter loss of the mud than poly-
meric nano composite carbon nano tube (C).Table 2 High pressure–high temperature filter loss.
Mud formulation Filter loss ml
MR 9
MC 8
MG 77.3. Electrical stability
The break down voltage in (mv) was measured for the oil-
based mud formulated with the new prepared polymeric nano
composite C and G compared to the oil-based reference mud
(R), Table 3 illustrates that the value of electrical stability
(mv) of MG and MC is equal to MC.
7.4. Application of the power law model to the rotary viscometer
data
The flow behavior index (n) and consistency index (K) values
are calculated according to the power law model Herschel-
Buckley model and are given by: s= s0 + kcn [34,35]
Ʈ = shear stress
s0 = yield stress or yield point
K= the consistency factor (viscosity in case of a newtonian
or bingham fluid)
c= share rate
n= the power of low exponent (rate index) or flow
behavior.
Table 4 illustrates the flow behavior index (n) and the con-
sistency index (k) of MG and MC compared to Mo.
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